INTRODUCTION
Mediterranean diet has long been known for contributing to a healthy life and preventing disease 1, 2 . Virgin olive oil is one of the principal ingredients of this diet 3 . Numerous studies have demonstrated that it has relevant properties which convey important benefits for individual health, when taken as part of a habitual diet 4 .
protective role of olive oil, without the drawback of a higher calorie intake. Substances derived from foods and plants have recently attracted much attention with regard to human health, due to their low toxicity, limited costs, and broad availability. Moreover, extraction is one of the most widely used unit operations in the food industry. It is mainly used for obtaining certain desired bioactive components initially retained in a food matrix 15 . Molecules obtained by extraction present important medical and functional properties for food applications 16 18 . A wide range of by-products from the food industry have been studied for this purpose, with attention being focused on those that contain high levels of phenolic compounds. A special source of these compounds are by-products from fruit and vegetable processing peel, seeds, and stones 16, 17, 19 . Similarly, olive cake also called wet pomace or alpeorujo and olive leaf have been considered to be an interesting source of phenolic compounds.
Recently, several studies have investigated the enrichment of olive oils with a phenolic extract obtained from olive byproduct and observed a significant increase concentration of phenolic compounds 20 22 .
To further support the functional value of virgin olive oil and increasing the value of by-products generated in the olive industry, the general objective of this research was to evaluate strategies for the development of a virgin olive oil enriched with aqueous extracts of olive leaf and cake to increase and standardize the necessary dose in the diet of phenolic compounds, without the drawback of a high calorie intake. For this purpose, different extraction procedures were evaluated for phenol content and antioxidant potential of extracts of olive leaf and cake. As leaves extract presented a higher total phenolic content, it was characterized by HPLC in order to determine its phenolic profile. In a second step, different enriched virgin olive oils were prepared with the leaves extract, following diverse procedures and finally the effects of phenol enrichment were evaluated based on the antioxidant capacity and oxidative stability of the prepared phenol-enriched virgin olive oils.
MATERIAL AND METHODS

Plant materials
The study was carried out in the Technological Institute of Food and Agriculture of Extremadura INTAEX , for this purpose, the olive fruits and leaves were picked up from the experimental olive orchard Olea europaea L. maintained by the Researcher Center Finca La Orden-Valdesequera Badajoz, Spain within the limits of the olive-growing area Tierra de Barros . The olive fruit and leaf samplings of Arbequina cultivar were carried out in the morning, taking samples randomly, in perfect sanitary conditions, three samples of 500 g of olive leaves and three samples of 10 kg of olive fruits, in different parts of the central area of the olive tree. The fruit samples were collected at spotted stages of maturation, following the criterion for commercial harvesting, using the subjective evaluation of colour of the skin and flesh as proposed by Uceda and Frías 23 . After harvesting, all samples were immediately transported to the INTAEX laboratory in ventilated storage trays to avoid compositional changes. The olive leaves were vacuum-packed Gustav Müller VS 100, Germany in plastic bags and they were stored at frozen conditions 80 until they were used for the study.
Oil extraction and obtaining of the alpeorujo
Oil extraction of the three samples was carried out within 24 h from harvest in similar industrial extraction conditions using an Abencor analyzer MC2 Ingeniery systems, Sevilla, Spain according Martínez et al. 24 . Olives were crushed with a hammer mill and were slowly mixed for 30 min at 25 . Then the obtained paste was centrifuged at 1438 g over 3 min. The oil was separated by decantation and was stored away from the light in amber-colored glass bottles at 4 until analysis within 1 month . We have obtained a fat yield of 12.2 as the mean for the three samples. This virgin olive oil VOO obtained was the matrix used for the enrichment with the phenolic compounds. The three samples of oil cake or alpeorujo were as separated in plastic bags and they were stored at 80 until the extraction of the phenolic compounds.
Extraction of phenolic compounds
Leaves used in this study were removed from leaders by hand and the samples of olive cake were the by-product obtained from the olive oil extraction in the experimental olive mill, as described above. Four different trials were conducted that included various combinations of drying methods, drying time and temperature data not shown in order to obtain the most suitable material to perform the later extraction. Samples were partially dried in a conventional-oven as follows: leaves for 12 min at 120 extract 1 and for 48 h at 40 extract 2 and olive cake for 52 h at 40 extract 3 and for 41 min at 120 extract 4 . There was used a conventional-oven model 210, Selecta ® P, Spain , and the samples were mixed two or three times while they were in the oven to facilitate drying. The process finished when the samples reach a moisture loss of 20 . Dried samples were ground in a domestic knife mill. Finally, bioactive compounds were extracted from crushed samples with water 70-80 for 3 h in a Soxhlet system 16 , and the extract was filtered and centrifuged at 21,036g to remove solid particles from it.
Phenolic enrichment of virgin olive oil
In order to enrich the VOO previously obtained, the extract with the highest phenolic compound content was used following 6 different strategies that were compared to a Control oil Oil I . Those procedures for phenolic enrichment of the olive oil are described in Table 1 , and the extract is added after freeze-dried process and reconstitution with water. All oils, including Control oil, were mixed at top speed using a Omni Mixer Homogenizer Ivan Sorvall, Inc., Norwalk, Conn. U.S.A. for 2 min to obtain a homogeneous mixture. A cold bath was used to counteract the increase in temperature generated during this step of the dispersion/enrichment process to maintaining the temperatures around 0 . After that, they were quickly stored at 80 until the freeze-dried was done. The different oils enrichment was stored away from the light in amber-colored glass bottles at 4 until analysis.
Chemicals and instruments
Folin-Ciocalteau reagent, caffeic acid and sodium carbonate, used for polyphenolic content determination, were provided by Panreac Barcelona, Spain . For antioxidant potential determination, the standard antioxidant used was 6-hidroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid Trolox from Sigma-Aldrich Steinheim, Germany and 2,2`azobis-3-ethylbenzothiazoline-6-sulfonic acid ABTS was from Fluka Chemicals Madrid, Spain . HPLC mobile phase 98.5 hexane 1 isopropanol 0.5 ethanol were provided by Calbiochem U.S. and Canada and Panreac respectively. Individual phenolic compounds were determined for analyte detection and quantification with an HPLC system Agilent 1100 series, Madrid, Spain equipped with a diode array detector DAD and with a Phenomenex C18 HPLC column 150 mm 4.6 mm, 5 μm . An UV-Vis spectrophotometer model HP8453 Agilent, Madrid, Spain was used for total phenolic content and antioxidant potential analyses. The oxidative stability of the oils was assessed in a 743 Rancimat Metrohm, Herisau, Switzerland eight-channel oxidative stability instrument.
Analytical methods
Individual phenolic compounds determination
The analysis of the individual phenolic compounds was achieved on the extract with the higher phenolic concentration, to characterize it, following the method proposed by González-Gómez et al. 25 with some minor modifications.
Chromatographic separation was accomplished with a Phenomenex C18 HPLC column 150 mm 4. A period of 5 min was necessary for column equilibration. The flow was fixed at 0.500 mL/min for all the experiments. The injected volume was 5 μL. Phenolic acids were detected and quantified at 320 nm, flavanol at 280 nm and flavonols at 360 nm. Chromatographic data processing was performed using Agilent ChemStation software and the quantification was done by external standard method. Phenolic acids results were expressed in milligrams of chlorogenic acid per litre of olive leaf extracts, flavanol in milligrams of epicatechin per litre of olive leaf extracts and flavonols in milligrams of quercetin-3-O-rutinoside per litre of olive leaf extracts.
Determination of total phenolic content
Total phenolic content in virgin olive oil samples was determined according to the Folin-Ciocalteau colorimetric method, using caffeic acid as a standard 26 . Briefly, extraction of phenolic compounds from olive oil samples was achieved by dissolving 10 g of oil in 75 mL of hexane, followed by liquid-liquid extraction using a methanol/water 40:60 v/v mixture completed to 100 mL with distilled deionized water. A 2 mL aliquot of the methanolic extract was mixed with 1 mL Folin-Ciocalteau reagent, 2 mL saturated sodium carbonate and 15 mL of distilled deionized water. After 1 h, absorbance at 725 nm was read on the spectrophotometer, against a blank 1 mL Folin-Ciocalteau For the sample preparation, an aliquot of filtered virgin olive oil was weigh 2.5 g and then, was dissolved in 6 mL of n-hexane. A diol-bonded phase cartridge Supelco Co., Bellefonte, PA, US was placed in a vacuum elution apparatus and conditioned by the consecutive addition of 6 mL of methanol and 6 mL of n-hexane. The oil solution was applied to the column, and the solvent was pulled through leaving the sample on the solid phase. The sample container was washed with 6 mL of n-hexane 2 3 mL , which were run out of the cartridge. The sample container was washed again with 4 mL of n-hexane/ethyl acetate 85:15, v/v , which were run out of the cartridge and discarded. The column was eluted with 15 mL of methanol and the solvent was evaporated in a rotary evaporator at room temperature and low speed at reduced pressure until dryness. The phenolic residue was dissolved in 2 mL of methanol 27 .
The capacity of radical scavenging of the oil samples were assessed by the ABTS method 28 . Briefly, 1mL of the radical cation ABTS 2.2 -azinobis 3-ethylbenzoithiazolone 6-sulphonate was placed in a spectrometric cuvette and 20 μL of the phenolic extract was added. The initial absorbance value at 730 nm was then compared with the absorbance obtained after 20 min of reaction. The results were expressed as a TEAC antioxidant equivalent Trolox value as mmol Trolox/kg oil on a calibration curve using different Trolox concentration.
Oxidative stability
The oxidative stability of the studied oil samples was assessed in a 743 Rancimat Metrohm, Herisau, Switzerland eight-channel oxidative stability instrument. Briefly, 2.5 g of oil were placed in each of the Rancimat channels. A continuous steam or air was forced to pass through the oil solution to 10 L/h, and the system temperature was established at 100 . Changes in conductivity caused by ionic volatile organic acids, mainly formic acids, were measured automatically and continuously. The peroxidation curve was recorded, and the flex point was selected as the induction time IT , expressed in hours. The higher the IT value, the higher the oxidative stability of the sample.
Statistical analysis
For statistical studies SPSS 17.0 software was used SPSS Inc. Chicago, IL, USA . Except when is expressly referred, all analyses were done in quintuple. Data were expressed as means SEM and were analyzed using a one-way analysis of variance ANOVA followed by Tukey s multiple range test. To evaluate the effects of freeze-dried process on total phenolic compound and the antioxidant potential of the olive leaves extract, paired student t-test was used. The significance level was set at p 0.05.
RESULTS AND DISCUSSION
Evaluation of olive leaf and olive cake extracts
Different set of extracts were assayed to determinate the optimal conditions for phenolic extraction that would produce the higher enrichment of virgin olive oil. The two variables that potentially have influence on the by-product conditioning, drying time and temperature, were previously optimized in a multivariate study, using total phenolic compounds as independent variable data not shown . As can be seen in Fig. 1 , the total phenolic contents of leaf extracts Extracts 1 and 2 were significantly higher than those of olive cake extracts Extracts 3 and 4 . On the other hand, Extract 1 with less time, 41 minutes, and higher temperature 120 stood out with the significantly highest total phenolic content. For that reason, this extract seemed to be very suitable for oil enrichment, beside it was an easy extraction method and showed feasibility of production. After the leaves were dryed, we used water as extractant, which facilitates its used as food additive, overall taking into account that EFSA European Food Safety Authority has accepted the olive leaves aqueous extract as a safe product, and this procedure make easier to include the olive cake extract in the same consideration. Methanol or hexane were rejected because of its toxicity 20 and in this way, it is possible to obtain a phenolic extract that could be used as a new product for oil industry. Consequently, olive leaves were a more suitable product to obtain the extracts for the enrichment of virgin olive oils. For that reason, it was prepared an aqueous phenolic extract, under the optimal conditions, that was freezedried in order to try to stabilize it. Figure 2 show statistical differences between the extract after processing freezedried that reduced a 40 the total phenolic compound content in comparison with the liquid phenolic extract. This observation is in agreement with studies conducted by other researchers dealing with the total phenolic content of untreated fruit compared to lyophilised counterparts. For example, Asami et al. 29 reported that higher total phenolic content levels were found consistently in unprocessed Marion berries, strawberries, and corn, followed by freeze-dried and then hot air dried samples. Similarly, Wojdy o et al. 30 observed a slight decrease in the total phenolic content of freeze-dried strawberries Kent cultivar as compared to the fresh fruit. Possible reasons for the lower values may be attributable to degradation of lightsensitive phenolic compounds owing to the fact that samples being freeze-dried are exposed to light and UV radiation for longer periods of time than their fresh counterpart. The same happened with the total antioxidant potential, that was reduced a 12.6 from the liquid phenolic compound extract Fig. 3 . These results are in accordance with the findings of Kwok et al. 31 who concluded that after freeze-dried, antioxidant potential decreased as compared to that determined in fresh Saskatoon berries. Wojdy o et al. 30 also reported lower total antioxidant potential for lyophilized strawberries of the Kent and Elsanta cultivars, when compared to the fresh berries.
Total Phenolic content of the enriched virgin olive oils
The results obtained in the evaluation of the total phenolic content, according the above described procedure, of the enriched oils with the olive leaves extracts are shown in Fig. 4 . The amount of total phenols showed significant differences p 0.05 among the different experimental treatments, which are described in deduced that the oils obtained from Arbequina cultivar, at the spotted stage, are within the category of low content in polyphenols , because they showed concentrations lower than 200 ppm. We have to take into account that the range of values of total phenolic compounds obtained in all cultivars from Extremadura varied from 159.7 to 1203.3 mg kg 1 and we decided to enrich the oil obtained from the cultivar, which has the lower concentration 33 .
There were not significant differences in total phenolic compounds between the virgin olive oil obtained from olives and Oil II which has been subjected to the same technological process of incorporation of phenolic compounds to the matrix of virgin olive oil Fig. 4 . It is worth to emphasize that the oil volume ratios assayed were the same in all treatments. The enriched virgin olive oil with olive leaves extract Oil VI increased significantly 40-fold more than Control oil Oil I . In this sense, Oil VI presented concentration of phenolic compound around 800 μg/ml oil. Rubió et al. 34 enriched oils with different concentrations of phenolic extracts 250, 500, and 750 μg total phenols/ml oil and they observed that these three enriched oils had a 20-fold or higher increase from the original virgin olive oil. Also, Suárez et al. 35 analyzed the total phenolic composition of the enriched oils with olive cake extracts and they observed significantly an increased of these compounds. It is well-known that these compounds have a wide range of beneficial properties for health, including antioxidant, antiinflammatory and anticarcinogenic activities, and also protect against coronary heart disease and metabolic disorders 35 . On the other hand, ethanol was used in some treatment to check the increase in the solubility of phenolic compounds in olive oil matrix. In this sense the Oil III and V, which had ethanol as an ingredient, with or without lecithin, increased 1.5-fold the phenolic compound with respect to the oil enriched just with olive leaves extracts Oil VI . However, the increase was 60-fold more than the Control oil without any enrichment. In general terms, the concentration of phenolic compounds in these enriched oils was similar to those obtained from cultivars with the highest concentration of these compounds in the nature. Aparicio et al. 36 and Pardo et al. 37 reported that the phenolic content in virgin olive oils of Cornicabra and Picual cultivars showed the highest concentration of phenolic compounds among all Spanish cultivars. So it will be interested to enrich oils from those cultivars From our results, it can be deduced that Picual can indeed be one of the cultivars with high phenolic compounds content when comparing oils resulting of spotted olives 37 . In this sense, Tunician cultivars like Betsijina, Chétoui and Oueslali showed a high content in total phenolic compounds 1000 mg/kg 38 . This is a desirable characteristic because of the beneficial effects of these components on human health 38 . Also, it would be a benefit to society since the intake of products rich in polyphenolic compounds lead to the prevention of chronic diseases and it is a better strategy than its treatment, reducing the risk of such diseases. For this reason, many functional foods are currently designed with the goal of providing a high intake of active biomolecules to reduce the risk of diseases associated with aging and oxidative stress. Finally, it is important to highlight that the use of lecithin as emulsifier, Oils IV and VII, increased the content in phenolic compounds about 100-fold more. Suárez et al. 39 observed that lecithin was shown to be the most suitable emulsifier to carry out the enrichments. However, these authors did not find major content in phenolic compounds in oils enriched with extracts of alpeorujo, using lecithin as emulsifier, because of the fact that the samples which contained lecithin had a lower total phenolic content. This could be due to the formation of small drops of the hydroethanolic solution of the extract surrounded by lecithin molecules that prevented them from reacting with the Folin-Ciocalteau, resulting in the underestimation of the total phenol content of oils prepared with lecithin. In this sense, Koprivnjak et al. 40 observed a decrease in the total phenolic content directly proportional to the amount of lecithin added to the oil. Considering that phenolic compounds are one of the groups of components most responsible for the healthy and stability properties of olive oil, it is desirable to maintain the levels of these compounds as high as possible. For this reason, the use of the olive leaves extract, with and without the use of lecithin, is a very attractive way of improving the functional properties and extending the shelf life of the oils. In this sense, several researcher observed a positive Fig. 4 Total phenolic compound (μg CAE mL -1 oil) of different strategies of phenolic enrichment of virgin olive oil, according Table 1 conditions. Values are expressed as mean±SEM of three sample replicates. Different small letters indicate significant statistical differences (Tukey's Test, p<0.05). CAE, caffeic acid equivalents; SEM: standard error of the mean.
linear correlation between total phenolic content and oxidative stability oxidation induction period with Rancimat equipment . Gómez-Alonso et al. 41 found a high correlation between total phenolic content and the oxidative stability in Arbequina, Arbosana and Koreneiki cultivars r 2 0.80, p 0.001 , as other authors 42 .
Antioxidant potential of the enriched virgin olive oils
The antioxidant potential of the enriched oils were measured by ABTS method Fig. 5 . The method is based on the determination of the decrease of the absorbance at 730 nm by the decolorization of the ABTS through measuring the reduction of the radical cation. The antioxidant potential of oils from Arbequina cultivar was of 0.65 mmol Trolox kg 1 oil. This value corresponds to the lower antioxidant potential among all samples, and our results are related with those found in the literature. In this sense, Montedoro et al. 26 found low values of antioxidant potential 0.63 mmol Trolox kg 1 oil in Cornicabra cultivar. Just as happened with the total phenolic compound, the technology process of incorporation of phenolic compounds to the oil matrix did not show significant differences with the oil without any treatment with regard to the antioxidant potential.
The addition of the olive leaves extract to the oil matrix Oil VI increased significantly the antioxidant potential, 4-fold more than the Control oil Oil I . These oils showed values of antioxidant potential of 4 mmol Trolox kg 1 45 observed that olive oil phenolic compounds can increase the antioxidant content of the LDL lipoprotein and exert antioxidant properties. Besides, some studies have demonstrated the high antioxidant potential of the phenyl alcohols basically hydroxytyrosol and the secoiridoid derivatives 22 . Despite that, these researchers showed that all of the phenolic enrichments enhanced the antioxidant properties of the oils up to 73 higher than the control oil . In this sense, it could be interesting fortified the oils in order to raise the daily intake of antioxidants, with the corresponding benefits for human health, without increasing the caloric contribution of the oil. In general, the oil samples which presented more total phenolic compounds were the oils that had higher antioxidant potential, except the Oil VII in which the antioxidant potential was similar to the rest of enriched oils. This may be because the addition of calcium phosphate to the matrix of olive oil had a reducing effect of the antioxidant potential of oil. Rubió et al. 34 , also observed that parallel to the increase of phenolic content, a similar increase of the antioxidant potential of the functional phenol-enriched virgin olive oils was observed. In general, vegetable oils contain a large variety of substances with antioxidative properties, which include free radical scavengers, reducing agents, potential complexers of prooxidant metals, and quenchers of the singlet oxygen formation 46 . The methanol soluble phase of vegetable oils contains most of the phenolic antioxidant; and it is also called the polar fraction 47 .
On the other hand, Oil IV with higher antioxidant potential was the oil which contains lecithin and the olive leaves extract. It presented 8-fold more of antioxidant potential than control oil and 4-fold more than the rest of enriched oils. So, the addition of lecithin had a positive effect both on the content in phenolic compounds, as on the antioxidant potential of oils. Suárez et al. 39 observed non-significant differences in the value of the antioxidant activity between samples with and without lecithin. They showed that the addition of lecithin has no significant influence on the antioxidant potential of the oils, this only was dependent on the addition of the phenolic extract.
3.4 Evaluation of the oxidative stability of the enriched oils The effectiveness of the phenol enrichment in olive oil preservation was monitored by their oxidative stability evaluation by the Rancimat test Fig. 6 . As we noted, Arbequina cultivar was chosen as control oil because of its low oxidative stability, of 45.5 hours Rancimat Oil I . The range of values of oxidative stability in varieties for olive produced through the Abencor system in different stage of maturation was from 47.6 and 24.4 and from 170.9 and It must be emphasized that the technological process of incorporation of phenolic compounds to the oil matrix was also applied to virgin olive oil Oil II , however no statistically significant differences were observed between the oils in terms of oxidative stability.
As regards the influence of emulsifiers on the stabilization of these emulsions, it was assessed the oxidative stability on the different enriched oils Table 1 It can be said that the use of lecithin allowed an improvement in the oxidative stability compared with the rest of oils, increasing approximately 40 . Suárez et al. 22 observed that the only addition of olive cake extract to the virgin olive oil increased the induction times of enriched oils. These researchers indicated that this can be explained by the higher phenolic content. The choice of this emulsifier was done according with the literature and their frequent use in the food industry for the preparation of emulsions 39 . Besides, these researchers used lecithin and monoglycerides to compare the best emulsifier. They concluded that monoglycerides produced the opposite effect, decreasing the induction time approximately 18 of reduction . This could be explained by the ability of lecithin to stabilize the added phenolic compounds in the oil matrix, due to its amphiphile behavior, forming reverse micelles that contain the solution of the extract. As a consequence, the results suggested the choice of lecithin as the best emulsifier to be used in the enrichment of the olive oils due to its improvement in the final oxidative stability 39 . We should assert that the oil with extract and lecithin, with or without ethanol Oil III and IV were the oils with the highest oxidative stability among all samples. We should take into account that Oil IV was the one that had the highest phenolic compound and antioxidant potential and this could contribute to the highest oxidative stability. In this sense, Oil III which contained lecithin and ethanol had a lower total phenolic content, as previously said this could be explained due to the formation of small drops of hydroethanolic solution of the extract surrounded by lecithin molecules that prevented them from reacting with the Folin-Ciocalteau, resulting in the underestimation of the total phenol content of oils prepared with lecithin. These results are in agreement other researchers 39, 40 .
Furthermore, the addition of calcium phosphate with lecithin to the matrix of olive oil, which increased the total phenolic compounds and has an intermediate an intermediate effect in the antioxidant potential of oil, had a positive effect in the oxidative stability.
Considering that phenolic compounds are one of the groups of components most responsible for the healthy properties of olive oil, it is desirable to maintain as highest Table 1 conditions. Values are expressed as mean±SEM of three sample replicates. Different small letters indicate significant statistical differences (Tukey's Test, p<0.05). SEM: standard error of the mean. as possible the levels of these compounds. For this reason, the use of olive leaves extracts is a very attractive way of extending the shelf life of the oils. The high antioxidant potential of enriched oils with extracts from olive leaves and lecithin could be used in oil industry as a source of antioxidants to prevent rancidification and oxidation of lipids 53 . Due to that, one of the main causes of the loss of quality during storage in Virgin olive oil is the oxidative degradation, which plays an important role the phenolic compounds contained in oil 54 . Thus, the increase of natural antioxidants supposes a strategy potential for reducing the harmful effects that inflicts long-term preservation of olive oils and its possible deterioration.
CONCLUSIONS
Taking advantage of the natural source of phenolic compounds found in by-products of olive industries, it provides a functional character to olive oil according to its antioxidant and enrichment of bioactive compounds. In this sense olive leaves extract had the higher content in phenolic compounds interesting because the use of a low cost source to obtain bioactive compounds, provide a environmental benefit due to the exploitation of residues of oil industries and the increase of the competitiveness and diversification of the companies in the sector. Also, it would be a benefit to the society since the intake of products rich in polyphenolic compounds lead to the prevention of chronic diseases and is a better strategy than treatment. The use of lecithin as an emulsifier turned out to be very positive. Furthermore, the quality of oils enriched was increased by applying the proposed technology thanks to the enrichment with olive leaves, for that reason, the present procedure can be an attractive tool for future industrial implementation.
